Objective: We measured the ability of the medical history, physical examination, and peak flowmeter in diagnosing any degree of obstructive airways disease (OAD). 
Obstructive airways disease (OAD), including chronic obstructive pulmonary disease (COPD) and asthma, are common and morbid illnesses. COPD is the fifth most common cause of death and the second leading cause of disability in the United States.1 2 the Denver Veterans Affairs Medical Center. We recruited outpatients to facilitate generalizing our results to community practice. Inclusion criteria were current or former smoking over the age of 40 years or a self-reported diagnosis of chronic bronchitis, emphysema, or asthma. Consecutive subjects fulfilling inclusion criteria were studied. The University of Colorado Health Sciences Center Institutional Review Board approved the protocol and all subjects gave written, informed consent.
Protocol
The subject's medical history was obtained by completing a self-administered questionnaire, as previously described. 9 The questionnaire sought possible respiratory symptoms and risk factors that were identified in previous studies.
All subjects underwent four independent physical examinations by four board-certified internists blinded to the patients' histories and spirometric results. The examinations sought 12 clinical signs of airway obstruction. Six of the signs were qualitative variables: general appearance, percussion note, cardiac dullness, wheezes, decreased breath sounds, and the examiner's final opinion. These variables were recorded as definitely abnormal, probably abnormal, probably normal, or definitely normal. The definitions were standardized by examining three model patients before the study. The remaining variables (ruler sign, Snider test, forced expiratory time [FET] ), magnitude of expansion of chest circumference, and magnitude of diaphragmatic excursion) were recorded in absolute numbers. 10-13 The point of maximal impulse (PMI) was recorded as thoracic, epigastric, or nonpalpable.
Each subject underwent spirometric testing using the American Thoracic Society guidelines'4 on a Spirometer (Spirometrics SMI III). Obstructive airways disease was defined as either an FEV, less than 80 percent of predicted normal in the absence of restrictive disease (FVC <80 percent of predicted with FEV1/ FVC ratio >0.8) or an FEV1/FVC ratio less than 0.7. The equations of Crapo et al'5 were used to predict normality. The predicted normals were adjusted because of Denver's elevation. 16 The PF was the best of three readings measured on a peak flowmeter (Assess).'7
Statistical Analysis
Receiver operator characteristic (ROC) tables were made for all clinical findings. The findings were then dichotomized using the cutoff that gave the highest sum of sensitivity and specificity. Physical examination observations from each physician were pooled. The unit of analysis was the physical examination; thus, there were four observations per patient. '8"19 The kappa statistic for multiple raters20 measured interphysician agreement for the physical examination variables after they were dichotomized about their best cutoff.
All variables with univariate p<0.05 were candidates for multivariable analysis except previous diagnosis of pulmonary disease, medicines used to treat OAD (inhalers, theophylline, steroids, oxygen), and the Snider test. These historical questions were deleted to allow this study to generalize to populations with less previous exposure to physicians. The Snider test was deleted because the odor of multiple burnt matches irritated some patients and others had difficulty in blowing with their mouths opened wide.
The multivariable analysis was done with a modified recursive partitioning analysis.2' In recursive partitioning analysis, a decision tree is made with a stepwise selection of the strongest variable. This variable is the one that has the lowest "dispersity index," which is the sum of the false-negatives and false-positives. To increase the sensitivity of the analysis, false-negatives were weighted by the ratio of normal to diseased subjects. Recursive partitioning analysis identified three variables that significantly contributed to the diagnosis of OAD. In order of their selection into the model, the variables were PF less than 350 L/min, diminished breath sounds, and 30 pack-years or more of smoking. Smoking history was included although it did not significantly add to one physician's model that had already excluded OAD using the first two variables. The performance of the model is described in Table 3 . Defining abnormal as the presence of any of these variables, OAD was diagnosed with a sensitivity of 98 percent, specificity of 46 percent, and accuracy of 65 percent. The model's area under the ROC curve was 0.871 ± 0.021. Ninety-six percent of the subjects with all three variables present had OAD.
Fifty percent of subjects with one or more variables had OAD by spirometry. Thirty-one percent of subjects had none of these variables and had a 3 percent chance of OAD. The 3 percent false-negative rate was because of one subject with an FEV1 that was 78 percent of predicted who was thought to have normal breath sounds by all three physicians who examined him. The model was abnormal in all examinations of the four patients with restrictive lung disease. The model detected 94 percent of subjects who previously had not been diagnosed as having OAD. Including self-reported use, respiratory medications did not improve the model.
DISCUSSION
In this study of high-risk subjects, OAD could be identified with 98 percent sensitivity if subjects either smoked more than 30 pack-years, or had diminished tThe score is the number of the following abnormal variables that a subject has: peak flow less than 350 L/min, definitely or possibly diminished breath sounds, 30 pack-years or more of smoking. There were 343 examinations; one physician did not record an impression of breath sounds on one patient.
breath sounds, or had a peak flow rate of less than 350 L/min. Subjects with none of these variables had only a 3 percent chance of OAD.
Only one other study has combined medical history and physical examination variables with multivariable analysis in the diagnosis of OAD. 27 Holleman et a127 successfully used smoking, self-report of wheezes, and either the PF or auscultated wheezing to diagnose OAD in male veterans in a preoperative clinic. Our results for auscultated wheezes were very similar; however, there may be several reasons we found diminished breath sounds performed better. First, in the study of Holleman et al,27 breath sounds were recorded only for the last one third of the study. They were twice as sensitive as wheezes, although less specific. Second, our multivariable analysis emphasized variables with high sensitivity in order to "rule-out" OAD. Lastly, our physicians were trained using model patients before the study began. Other univariate studies have also found breath sounds to perform well.28-30 In a blinded study of 14 physical examination variables, Schneider and Anderson" found diminished breath sounds to be the best predictor of airway obstruction, although the examining physicians predicted it would be one of the weaker signs. Other studies have successfully used breath sounds as part of a composite clinical evaluation to diagnose airways obstruction. 3132
Our model was more predictive of OAD than the subjects' previous medical care. The sensitivity of the model in predicting OAD was 98 percent and the sensitivity of the subject's self-report of either chronic bronchitis, emphysema, or asthma was 61 percent. Surprisingly, 20 percent of the subjects with a self-reported diagnosis had normal results of spirometry. Although one half of these subjects had symptomatic criteria for chronic bronchitis without obstruction, the remaining half seemed to report an erroneous diagnosis. Although our model was improved by using self-reported diagnoses, a priori, we had decided not to use previous diagnoses because these results might not generalize to patients who have not volunteered to participate in a study or who have had less previous medical care.
There are several limitations of our study. First, the study design required the physicians to make their final opinion without knowledge of the subjects' histories and without feedback about the utility of the physical examination maneuvers. Without this information, the physician's final opinions almost entered the model in place of diminished breath sounds. With feedback, the accuracy of the overall model may have improved. This study should be replicated at another site, preferably with enough subjects to verify that the low-risk subjects truly had a less than 5 percent chance of OAD. The study size and the spirometric definition of OAD prevent subanalyses of whether emphysema, chronic bronchitis, and asthma might have individualized clinical predictors.
In summary, this study suggests the medical history, physical examination, and peak flowmeter can rule out OAD in one third of high-risk patients. Patients subsequently referred for spirometry will more likely have abnormal results. The best variables for diagnosing OAD were reduced PF rate, the quality of breath sounds, and smoking for at least 30 pack-years. These results, if validated, can direct further testing.
